Purpose: To evaluate the incidence, outcomes, and risk factors for hemorrhagic complications in eyes with polypoidal choroidal vasculopathy (PCV) following photodynamic therapy (PDT). Methods: Medical records of 94 eyes of 86 consecutive patients with PCV who underwent PDT between January 2007 and December 2014 were retrospectively reviewed. The diagnosis of PCV was based on clinical features and indocyanine green angiography. Eyes were treated with PDT monotherapy or a combination of PDT plus anti-vascular endothelial growth factor. PDT was performed at (standard [SFPDT] or reduced fluence RFPDT). Results: Ninety-four eyes had 119 PDT treatment sessions (mean: 1.3 sessions). Mean presenting vision was 0.46 ± 0.44 logarithm of the minimum angle of resolution (logMAR). Following PDT, ten eyes (11%) of nine patients had hemorrhagic complications such as subretinal hemorrhage (SRH; n = 5), subretinal pigment epithelium (RPE) hemorrhage (n = 1), breakthrough vitreous hemorrhage (BVH; n = 3), and SRH with sub-RPE hemorrhage and BVH (n = 1). Median interval to hemorrhage following PDT was 2 months. Age (P = 0.842), duration of symptoms (P = 0.352), number of laser spots (P = 0.219), and laser spot size (LSS) (P = 0.096) were not significantly associated with increased risk of hemorrhagic complications. Female gender was associated with reduced risk of hemorrhage (P = 0.045). SFPDT was significantly associated with increased risk of hemorrhage (P = 0.026). The probability of developing hemorrhagic complications in SFPDT group was 0.24 compared to 0.07 in RFPDT group (P = 0.039). Multivariate logistic regression analysis showed SFPDT as the only significant risk factor for hemorrhage following PDT (odds ratio 5.3, 95% confidence interval 1.1-24.8, P = 0.03). Mean final vision was 0.61 ± 0.53 logMAR at mean follow-up of 33 months (median = 22 months; range = 2-157 months). Conclusion: Age, LSS, number of laser spots, preexisting hemorrhages, or use of anticoagulants were not associated with increased risk of hemorrhagic complications. SFPDT was significantly associated with increased risk of hemorrhagic complications in such eyes. Cite this article as: Rishi P, Rishi E, Sharma M, Maitray A, Bhende M, Gopal L, et al. Incidence, outcomes, and risk factors for hemorrhagic complications in eyes with polypoidal choroidal vasculopathy following photodynamic therapy in Indian subjects. Indian J Ophthalmol 2017;65:712-8.
Polypoidal choroidal vasculopathy (PCV) was first described by Yannuzzi et al. in 1982 as a choroidal vasculopathy that led to hemorrhagic and exudative macular degeneration. [1] Similar retinal changes were observed by Kleiner et al. who named it posterior uveal bleeding syndrome. [2] Clinically, PCV lesions usually appear as orange-red, nodule-like structures beneath the RPE associated with serous pigment epithelial detachments (PEDs), overlying neurosensory detachment, subretinal hemorrhage (SRH), sub-retinal fibrinous material, hard exudates, and drusen. On indocyanine green angiography (ICGA), PCV is characterized by polypoidal lesions with or without branching vascular networks (BVNs) of choroidal origin. [3, 4] The role and efficacy of photodynamic therapy (PDT) in PCV has been well documented. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] PDT results in complete regression of polyps in 71%-95% cases and leads to stable or improved vision in up to 95% cases. [5, 11] However, PDT has also been associated with hemorrhagic complications in 2.2%-31% eyes. PubMed search using the keywords (polypoidal choroidal vasculopathy), (photodynamic therapy), and (hemorrhage) revealed 15 relevant reports. [4, 5, [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] [22] [23] All the published studies have reported results from East Asian countries. There is a clear lack of evidence on this aspect from India, which has an ethnically distinct population. Hereby, we report the incidence, risk factors, and outcomes of hemorrhagic complications following PDT for PCV in our study of 94 eyes of 86 Indian subjects treated over 7 years.
Methods
This was a retrospective, interventional case series. Medical records of 94 eyes of 86 consecutive patients with PCV who Rishi, et al.: Hemorrhagic complications following PDT for PCV Figure 1 : At baseline, color fundus photograph of 63-year-old male reveals serosanguineous detachment of the posterior pole (a), with a peaked pigment epithelium detachment on optical coherence tomography (b), and indocyanine green angiography revealing clusters of polyps (c-e). Best-corrected visual acuity was 0.5 logarithm of the minimum angle of resolution. The patient underwent reduced-fluence photodynamic therapy. Five weeks later, the patient presented with hemorrhage (f), optical coherence tomography revealed hemorrhagic pigment epithelium detachment and cystoid retinal changes (g), and regressing polyps on indocyanine green angiography (h-j). Best-corrected visual acuity was 0.5 logarithm of the minimum angle of resolution. Two months later, subretinal fluid resolved with subfoveal aggregation of exudates (k and l), and lack of polypoidal activity on indocyanine green angiography (m and n). Best-corrected visual acuity was 1.7 logarithm of the minimum angle of resolution. The patient was periodically observed without the need for further treatment and remained stable up to the last follow-up at 53 months. Best-corrected visual acuity was 1.3 logarithm of the minimum angle of resolution 
Results
Ninety-four eyes of 86 patients were included in this study.
The baseline features are summarised in Table 1 . Ninety-four eyes had 119 PDT treatment sessions (mean: 1.3 sessions). Eleven patients (11.7%) underwent SFPDT-combination therapy, ten (10.6%) underwent SFPDT-monotherapy, 60 (63.8%) underwent RFPDT-combination therapy, and 13 (13.8%) underwent RFPDT-monotherapy. Following PDT, ten eyes (11%) of nine patients (seven males and two females) had hemorrhagic complications such as SRH (n = 5), sub-RPE hemorrhage (n = 1), breakthrough vitreous hemorrhage (BVH; n = 3), and SRH with sub-RPE hemorrhage and BVH (n = 1). One patient had bilateral hemorrhagic complications; BVH in one eye following SFPDT and SRH in the other following RFPDT. Individual details for the ten eyes that had hemorrhagic complications are listed in Table 2 .
Overall, 71 of 94 eyes received anti-VEGF injections in combination with PDT (bevacizumab n = 28, ranibizumab n = 42, aflibercept n = 1). Mean interval to hemorrhage following PDT was 2 months (median 2 months, range 1-3 months). In eyes with hemorrhagic complications, mean presenting vision was 0.42 ± 0.61 logMAR and 0.46 ± 0.41 logMAR in eyes without hemorrhagic complications (P = 0.776). Mean LSS was 3.6 ± 1.8 mm in eyes with hemorrhagic complications and 2.9 ± 1.2 mm in eyes without hemorrhagic complications (P = 0.096). Age (P = 0.842), duration of symptoms (P = 0.352), number of laser spots (P = 0.219), and LSS (P = 0.096) were not significantly associated with increased risk of hemorrhagic complications. SFPDT was significantly associated with the occurrence of hemorrhage (P = 0.026). Female gender was associated with reduced incidence of hemorrhage (P = 0.045). Two eyes underwent pars plana vitrectomy for vitreous hemorrhage. Mean final BCVA was 0.8 ± 0.61 logMAR in eyes with hemorrhagic complications and 0.6 ± 0.52 logMAR in Of 45 eyes with preexisting hemorrhages at presentation, six eyes (13%) had increased hemorrhages following PDT in the form of SRH (n = 3), SRH with subretinal pigment epithelium (RPE) and BVH (n = 1), and BVH (n = 2). Of 49 eyes without preexisting hemorrhages, four eyes (8%) had fresh hemorrhages following PDT in the form of SRH (n = 2), sub-RPE hemorrhage (n = 1), and BVH (n = 1). The difference in the incidence of hemorrhagic complications between the two groups was not statistically significant (P = 0.417). Of 57 patients with systemic diseases (hypertension, diabetes mellitus, and/or ischemic heart disease), seven (12%) developed hemorrhagic complications. Of 29 patients with no systemic diseases, two (7%) patients developed hemorrhagic complications. However, the difference in the incidence among two groups was not statistically significant (P = 0.441). Of 15 patients who were on concurrent treatment with anticoagulants, two (13%) developed hemorrhagic complications (two eyes, one in SFPDT-combination group, and one in RFPDT-monotherapy group). Of 71 patients who were not on concurrent treatment with anticoagulants, seven (10%) patients developed hemorrhagic complications (eight eyes, three in SFPDT-combination group, one in SFPDT-monotherapy group, three in RFPDT-combination group, and one in RFPDT-monotherapy group). However, the difference in the incidence of hemorrhagic complications among two groups was not statistically significant (P = 0.689).
Multivariate logistic regression analysis for potential risk factors associated with hemorrhage following PDT showed the use of standard fluence as the only significant risk factor (odds ratio 5.3, 95% confidence interval 1.1-24.8, P = 0.03; [ Table 3 ]). 
Discussion
PDT is currently the most effective means of obliterating polypoidal lesions in PCV, though BVNs remain resistant to occlusion and can lead to recurrence of PCV even after treatment. PDT produces a vaso-occlusive effect on choriocapillaris when applied using the standard protocol. [24] Several studies have reported an increase in SRHs and/or BVH after treatment with PDT [ Table 4 ]. [4, 5, [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] [22] [23] Incidentally, all these studies included patients of East Asian ethnicity. In our series, among Indian subjects, we found only 11% eyes developing these complications, which is much lower than the percentage reported in the largest case series by far, in which Hirami et al. reported hemorrhagic complications in 31% (28 of 91) eyes. [4] The pathogenesis of these hemorrhagic complications is uncertain. One theory suggests that unbalanced blood pooling, owing to the immediate obliteration of both abnormal and physiological choroidal blood vessels following PDT, with an increase in blood flow in the region of fragile vessels, might be the cause of bleeding. Massive bleeding can occur subsequent to occlusion of only efferent vessels or reperfusion of only afferent vessels following PDT. [4, 13, 16] Another theory implicates the reactive up-regulation of VEGF after PDT. [25] An increase in the expression of VEGF in RPE cells immediately after PDT, ascribed to nonperfusion of physiologic choroid and inflammatory responses around the RPE, has been demonstrated in eyes with normal or diseased choroidal structures. [25] [26] [27] [28] Intravitreal injection of an anti-VEGF agent could, therefore, block the adverse effects induced by the increased VEGF expression. Hence, combining PDT with an anti-VEGF agent can potentially create a synergistic effect. [24] However, Lee et al. noted a significant decrease in VEGF concentrations 1 week after treatment with PDT. [29] A recent meta-analysis suggested that combination of PDT and anti-VEGF therapy results in better long-term visual outcomes and lower incidence rates of retinal hemorrhage than PDT monotherapy. [30] However, our study did not show any significant difference in the incidence of hemorrhagic complications among the two groups (P = 0.674).
Yamashita et al. demonstrated that severe retinal hemorrhage can be prevented by employing RFPDT instead of SFPDT. [20] We also found that the percentage of eyes with hemorrhagic complications was lower in RFPDT group (five of 73 eyes, 7%) as compared to SFPDT group (five of 21 eyes, 24%), and the difference was statistically significant (P = 0.026). Larger laser irradiation spot size has also been associated with increased risk of vitreous hemorrhage after PDT. [4] In our study, though the mean LSS was larger (3.6 ± 1.8 mm) in eyes which developed hemorrhagic complications as compared to those that did not (2.9 ± 1.2), the difference was not statistically significant (P = 0.096). Eyes with hemorrhagic complications had significant visual deterioration from baseline (0.42 ± 0.61 logMAR versus 0.8 ± 0.61 logMAR). However, the mean final BCVA was not significantly different in eyes with or without complications (0.8 ± 0.61 versus 0.6 ± 0.52 logMAR, P = 0.239).
Pertaining to the role of anticoagulant therapy (P = 0.689) or systemic diseases (P = 0.441) in the development of hemorrhage in eyes with PCV following PDT, our results are in keeping with those of Hirami et al., who found no causal association. [4] A potential drawback in our study is that it lacks an analysis of PED height which may be an important consideration for hemorrhage in a patient with PCV.
Conclusion
PDT can cause hemorrhagic complications in eyes with PCV. Age, duration of symptoms, number of laser spots, LSS, preexisting hemorrhages, use of anticoagulants, or concomitant hypertension, diabetes mellitus, and/or ischemic heart disease are not associated with increased risk of hemorrhagic complications. SFPDT is associated with increased risk of hemorrhagic complications while females appear to be at a lower risk for developing these complications. Visual outcome after PDT in eyes with PCV does not appear to be affected by the presence or absence of hemorrhagic complications.
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